We consider possible mechanical masses that could appear in supersymmetry, other than by direct Higgs coupling to fermions and we speculate that the existence of such a type of mass would allow one to have the Higgs mass of the u quark zero, and the Higgs mass of the d quark (at 1 GeV) of ≈ 1 to 2 MeV, thus solving at the same time the strong CP problem and arranging the grand unification prediction mµ/me = ms, Higgs/md, Higgs .
One possible mechanism for this is related to, but not identical with the quark condensate. Here a mass is generated which is the same for all quarks, and which adds to the Higgs type mass. Unfortunately, the numerical value of the generated mas falls short of the desired value (some 5 MeV) by orders of magnitude.
An alternate mechanism, through Higgs-induced left-right couplings in the squark sector may produce masses of the correct order of magnitude if the mixing angles are diferent in the squark and quark sectors. To get the desired result for the u quark mass, we need a stop component mixing of 1 /20 for the LR u squark coupling, so the strong CP problem may still be solved. For the d mass, this mechanism is not really sufficient to solve the grand unification mass ratio problem.
As is well known, chiral symmetry is dynamically broken in QCD through the nonzero value of the quark condensate:
where |vac is the physical vacuum. This phenomenon occurs even for massless quarks. The quantity ψ ψ , while presenting some of the properties of a mass term, does not imply the generation of a mechanical mass. This is easily seen by noticing that insertion of ψ ψ in a Green's function (for example, the quark propagator) with momentum q yields contributions behaving like q −4 ψ ψ for large q, while a mechanical mass would give
In this note we remark that, in supersymmetric QCD, broken only by a mass term for squarks and gluinos, the quark condensate does generate a mass. This mass behaves as a mechanical mass up to energies comparable to the squark, gluino masses, that we take for simplicity to be of the same order of magnitude,
An alternate mechanism for the generation of masses for quarks occurs if there is a mismatch between the mixing (Cabibbo-Kobayashi-Maskawa) angles for quarks and squarks. This would mean that the Higgs-generated mass type terms, −δ 
We explore possible connections with phenomenological issues.
Dynamically Generated Quark Mass
We take our model to be given by the Lagrangian (for simplicity we consider here only one flavor),
Note that as yet we do not introduce by hand off-diagonal mass terms
, so L is invariant under independent chiral transformations of all the L and R fields.
The mechanism for generation of the non-Higgs mechanical mass is simple. Consider the left-right piece of the quark propagator, The relevant effect is generated by the diagram of Fig. 1 . The large blobs there represent the vacuum expectation value of the quark condensate. The corresponding contribution to S, S m is evaluated with standard techniques. One gets the result
(with Λ the QCD parameter) to a generated mechanical mass
Applications Eqs. (2), (3) have been obtained for quarks with, initially, zero mechanical mass. If we take a quark with non-zero mass m Higgs generated by the Higgs mechanism, with m Higgs ≪ Λ, then we get a total mass
The existence of a mass generated by a mechanism other than the Higgs one would be welcome for at least two reasons. To discuss them, we first remark that all experimentally based determinations of the masses of the light quarks [1, 2] yield the total mass, m. From the standard values of the MS-renormalized masses, at the reference momentum of 1 GeV, we then have
Now, we can assume that all the u quark mass is generated dynamically 1 . Thus, the Higgs mass of this quark would vanish (apparently, this occurs naturally in a class of supersymmetric models [3] ) and we would preserve the two independent chiral invariances U(1) L × U(1) R , which is sufficient to solve the strong CP problem. This assumption on the mass of the u quark then implies mψ ψ = 5 MeV and therefore we get the second bonus: from this and the values of the masses in Eq.(4) it follows that m d, Higgs = 3 MeV, which goes in the righ direction towards solving the outstanding mass puzzle [4] that occurs in grand unified SU(5), with minimal Higgs system. It will be remembered that there one has m b, Higgs = m τ , a relation well satisfied if taking into account renormalization effects. However, the same assumptions give
This relation is independent of renormalization effects, and is violated by a full order of magnitude if we take the masses in (5) to mean the full masses: note that Eq. (4) gives
However, relation (5) actually follows for the Higgs masses, and then m s, Higgs /m d, Higgs = 67, and by fiddling with the errors of (4) one can even get to the experimental µ/e ratio.
Discussion
The previous analysis has made it clear that it would be very desirable to have, beyond the Higgs mass, a dynamically generated mass of the order of m u . The mechanism discussed at the begining of this note provides such a mass. Unfortunately, it is far too small. If we assumem ≈ 100 GeV, and renormalize at 100 GeV, then we get mψ ψ ≈ 2.1 × 10 −6 MeV, way off the necessary m u (100 GeV) ≈ 2.7 MeV .
It is of course possible to get the desired effects by introducing, in an ad hoc manner, a condensate
Let us consider the second for definiteness, and because it arises somewhat naturally in the standard supersymmetric context. Assume again degenerate SUSY massesm for simplicity. The term (6) still respects the two independent U(1) L × U(1) R , for fermions: this is sufficient for our aims. The mass generated, given by the diagram of Fig. 2 , is easily computed, and we get, for momenta much smaller thanm,
L R L R Form = 200 GeV, agreement with the phenomenological value of the u quark mass, still with with zero Higgs mass, is obtained if δ 2 u ≃ 8 GeV, i.e., sinθ ut ∼ 1/20. This mechanism therefore appears to give a possible solution to the strong CP problem, although it looks a bit contrived: there seems to be no apparent reason why the angleθ ut should be so much larger than the corresponding quark mixing angle, O(10 −3 ). The problem of the mass ratio, Eq. 5, is however left unsolved. To get a contribution to the phenomenological value of the d quark mass so that its Higgs mass is left with only ∼ 2 MeV one also needs δ 2 d ≃ 8 GeV, which is impossible as this is larger than the bottom quark mass. One could try to repair this with a mixed mechanism: it is possible to imagine that the electron observed mass is now the difference between a larger Higgs mass, and a SUSY generated mass, due to mixing of the Higgs couplings ofẽ andτ , so one would have m e = m e, Higgs − m e, φ + φ . Renormalizing the masses at the SUSY scale,m ≃ 200 GeV, we have which is hardly possible, even with mixing angles ofδ b ≃δ τ ≃ π/2 -quite an extreme situation indeed. In summary, we may say that the mechanism that is natural does not work phenomenologically, and the one that works phenomenologically lacks sufficient theoretical justification. The results may be
